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Abstract 
Specimen preparation methods are very important in 
scanning electron microscopy (SEM) of nerve tissues. 
In the present study, a t-butyl alcohol freeze-drying 
device was used to prepare cerebellar cortex of the 
human and that of the rat at 15°C and 160 mm Hg. 
This method has been previously used with success in 
the preparation of other tissues, such as pancreas and 
trachea. Relatively large specimens (about 10 mm x 15 
mm x 1 mm) of formalin-fixed human and glutaralde-
hyde-Millonig buffer perfused (1 hour) Wistar rat were 
rinsed in water, dehydrated in a series of ethanols, 
immersed int-butyl alcohol, and then placed in the new 
freeze-drying device. The specimens were cut with a 
razor, freeze-dried without acid or alkali digestion, 
mounted on stubs, and sputter-coated with gold. This 
new preparation method allowed a higher magnification 
examination of surfaces of cells and fibers of the human 
cerebellar cortex compared to the critical point drying 
method. This was valid for Purkinje cell bodies with 
axons, dendrites with climbing fibers and climbing fiber 
glomeruli, and stellate neuron cell processes connected 
to the Purkinje cell dendrites. Lugaro cell, basket cells 
with axons, Golgi II cell, mossy fiber glomerulus with 
granule cell dendrites, satellite Bergmann glial cells with 
processes, and many microtubule-like fibrous structures 
on the inside of Purkinje cell dendrites were observed. 
Furthermore with this method, the glutaraldehyde-Mil-
lonig buffer perfused cerebellar cortex of the Wistar rat 
shows better three-dimensional images than the formalin-
fixed human cerebellar cortex. 
Key words: Human, rat, cerebellar cortex, t-butyl 
alcohol freeze-drying, scanning electron microscopy. 
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Introduction 
Scanning electron microscopy (SEM) has provided 
a method for the analysis of the interrelationship 
between cells without the need for serially sectioned 
specimens. For the study of the cerebellar cortex, Golgi 
impregnation with light microscopy is useful, but it re-
veals an incomplete cellular outline or silhouette of the 
relationships of cells. Light microscopy and transmis-
sion electron microscopy (TEM) are also useful for ex-
amining sectioned specimens, but much effort has to be 
spent iflarge parts of neurons have to be examined (see, 
e.g., Castej6n, 1988, 1990; Chan-Palay and Palay, 
1970; Reese et al., 1985). 
In SEM studies of the cerebellar cortex, specimen 
preparation methods affect the quality of the micro-
graphs (Castejon, 1988; Low, 1989; Reese et al., 1985; 
Scheibel et al., 1981; Takahashi-Iwanaga, 1992). Reese 
et al. (1985) studied the cerebellar cortex of the rat 
using a critical point drying (CPD) method and sug-
gested that the SEM images from CPD samples were 
superior to those obtained by the Golgi impregnations. 
Castejon (1988) noted that the critical point drying 
method for SEM, after ethanol-cryofracturing, freeze-
fracture, and freeze-etching techniques was useful in the 
investigation of the cerebellar circuits formed by syn-
apses of mossy and climbing fibers with granule cell 
dendrites and for Purkinje cell-granule cell synapses. 
He also noted that the tearing technique of Scheibel et 
al. (1981) provided a remarkable three-dimensional view 
of nervous tissues .. However, Castej6n (1988) did not 
observe fusiform enlargements of the climbing fibers. 
The identification of climbing fiber at the TEM level has 
been a matter of controversy in the last two decades. 
Although, Larramendi and Victor (1967) and Chan-Palay 
and Palay (1970) had established spine-synapse connec-
tions of climbing fibers with Purkinje dendritic branches, 
Castejon (1988) stated that additional work was needed 
at the SEM level to fully support this concept. 
The present study is the first application to utilize 
formalin-fixed human and glutaraldehyde-Millonigbuffer 
perfused rat nervous tissue for examination in a SEM 
T. Rojo 
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Figure l. New t-butyl alcohol freeze-drying device 
(Type-ID-2, Eiko Co.) showing 6 cm diameter specimen 
container in 12 cm diameter vacuum chamber. 
using the newly developed t-butyl alcohol freeze-drying 
device (vacuum drying device; Figure 1), by which fixed 
specimens, e.g., mouse pancreas, diaphragm, trachea 
and blood were dried (Inoue and Osatake, 1988). The 
present SEM study of human and rat nervous tissue pre-
pared by this new method shows only a little shrinkage, 
and therefore, the method may be superior to CPD 
methods, especially in exposing the hidden inside of neu-
roglial cells and in fracturing the satellite sheath. The 
cerebellar cortex slice of the human fixed with formalin 
and that of the Wistar rat perfused with glutaraldehyde-
Millonig buffer were rinsed in water without any diges-
tion of the outer surfaces of neurons by alkalis such as 
NaOH (e.g., Takahashi-lwanaga, 1992). 
On tissue prepared using this new and easy drying 
method, SEM was carried out at a magnification range 
from X500 to XlO000. The present study analyses cells 
and fibers of the human cerebellar cortex, especially 
climbing fibers with fusiform enlargements (or varicosi-
ties) connected to the Purkinje cell dendrite and also 
Bergmann cell processes (see also, Castejon, 1988, 
1990; Chan-Palay and Palay, 1970; Inoue and Osatake, 
1988; Reese et al., 1985; Takahashi-Iwanaga, 1992). 
Furthermore, this method is also effective in revealing 
the rat Purkinje cells and their environment. 
Materials and Methods 
Two slices of 10 % formalin-fixed cerebellar .cortex 
of a 82-year-old woman were dried using a t-butyl alco-
hol freeze-dry device (Figure 1; Type-ID-2, Eiko Co., 
Nakaminato, lbaraki, Japan). These slices were of the 
brain extracted from the skull immediately after the 
preparation for dissection practice for the medical 
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Figure 2 (on the facing page 305). A relatively low-
magnification scanning electron micrograph of the cere-
bellar cortex of a 82-year-old female. Two Purkinje 
cells (Pl and P2), thick mossy fibers (double arrow-
heads) coming from the granular layer are present. A 
mossy fiber glomerulus (gl) is observed. Around these 
two Purkinje cells (Pl and P2), thick basket cell branch-
ing axons (arrowheads) and thick climbing fibers (large 
arrows) are observed. A stellate neuron is also observed 
on the upper right (double large arrow). Shiny large 
structures (b) mainly consist of fractured Bergmann glial 
cell with its processes (small arrow). Bar = 20 µm. 
students at our University. Slices were fixed and kept 
in the 10 % formalin solution until used in this study. 
For comparison purposes, adult Wistar rat speci-
mens were perfused (1 hour) with 2.5 % glutaraldehyde-
Millonig buffer (pH 7.3) using the same freeze-drying 
method were also prepared. 
The cerebellar cortexes, from human as well as rat 
samples, were cut into slices about 1 mm thick and 1.5 
cm x 1 cm with a razor and rinsed in water about one 
hour before dehydration in a graded series of ethanols, 
followed by immersion in a graded series of t-butyl 
alcohols. Specimens were then freeze-dried for about 5 
minutes at 160 mm Hg and at 15°C in the above device. 
The freeze-dried specimens were mounted on aluminum 
stubs (diameter: 32 mm) and sputter-coated with a 10 
nm film of gold, using an ion sputter-coater (Type-IB-5, 
Eiko Co.). The specimens were examined in a Akashi 
ABT SX-40A SEM which has a large specimen chamber 
necessary to accommodate these specimens. The work-
ing distance ranged from 8 mm to 40 mm, and the SEM 
was operated at accelerating voltages of 15 or 20 kV. 
Results 
The Purkinje cell, its dendrite, the basket cell, and 
the satellite Bergmann glial cell 
In Figures 2 and 3, two Purkinje cells are shown. 
One of them (Pl) is surrounded by basket cell branching 
axons, Bergmann glial cell processes, and climbing 
fibers. 
Purkinje cell Pl (Figures 2-4) has an axon shortened 
by slicing. On the right side of this cell the branching 
axons of basket cells surround the short axon and form 
a network adjacent to the Purkinje cell body. Further-
more, on the left side of the Purkinje cell the branching 
axons from the basket cells are adjacent to the Purkinje 
cell body. On both sides, what appear to be endings of 
the branches of basket cell axons are observed. 
The other Purkinje cell, P2 (in Figures 2 and 3), of 
which the outer surface seems fractured, is also connect-
ed to the climbing fiber and the basket cell axon, which 
SEM oft-Butyl Alcohol Freeze-dried Cerebellar Cortex 
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Figure 3. A higher magnification of the region around two Purkinje cells (Pl and P2) in Figure 2. The Purkinje cell 
(P2) on the right seems to be shrunken. Granule cell-like cells (arrows) could be, due to their location, Lugaro cells. 
Part of the supraganglionic plexus (arrowheads) of the Purkinje cell (P2) formed mainly by basket cell axons is observed 
around the Purkinje cell (P2). The thick fiber between Pl and P2 and ascending around Pl seems to be a climbing fiber 
(double arrows). The satellite Bergmann glial cells (b) covering Pl and P2 seem fractured and may become shiny large 
structures in Figure 2. Bar = 10 µm. 
are not as clearly presented as those of the first Purkinje 
cell (Pl). The axon of this Purkinje cell seems to be 
thick, but is not clearly presented (Figures 2 and 3). 
The Bergmann glial cells may be fractured with the 
t-butyl alcohol freeze-drying method, but their fractured 
bodies remain between the Purkinje cell layer surround-
ing Purkinje cell bodies (Figures 3 and 4). 
Figures 5 and 6 include the upper right area of Fig-
ure 2. At this higher magnification, the ellipsoidal stel-
late glial cell body is located between the secondary den-
drites of two Purkinje cells. The stellate glial cell has 
beaded processes that run parallel to, and between, the 
tertiary dendrites of adjacent Purkinje cells. The close 
association between the stellate cell and the secondary 
dendrites seems to be an extension of the neuroglial 
sheath. Thin processes of the stellate cell look like web-
bed-foot shapes running along and apposing themselves 
to the thin dendrites of the Purkinje cell; these thin 
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processes are presumably the distal extensions of sec-
ondary dendrites of the Purkinje cell. 
More than three climbing fibers with many varicosi-
ties (fusiform enlargements) run adjacent to the Purkinje 
cell secondary dendrite shown in Figures 5 and 6. In 
these figures, the basket cell axon is not identified 
between the large varicosities as in previous TEM stud-
ies (e.g., Chan-Palay and Palay, 1970). 
Another specimen, also showing a Purkinje cell with 
axon and dendrites, is shown in Figures 7 to 9. A large 
mass is observed just to the right of this Purkinje cell 
(Figure 7). The morphological features support the no-
tion that this is a mossy fiber glomerulus. 
The molecular layer is shown in Figures 5 to 9. In 
Figure 8, the Purkinje cell dendrites and their adjacent 
climbing fibers are magnified. The topographical 
relationship between the climbing fibers and the basket 
cell axons has been described by Chan-Palay and Palay 
SEM oft-Butyl Alcohol Freeze-dried Cerebellar Cortex 
Figure 4. A higher magnification of the Purkinje cell (Pl) from Figures 2 and 3. The Purkinje cell axon is shortened 
by slicing (asterisk) and is surrounded by a network (n) of thin branches of the basket cell axon (double arrows), also 
observed on the right side of Pl. Branching processes (double arrowheads) from a basket cell axon attach to the body 
of Pl. Climbing fibers (arrows) are adjacent to the Purkinje cell body on the right side. Processes (arrowhead) of 
Bergmann glial cell cytoplasm (b) run along the left side of Pl. Bar = 5 J.tm. 
(1970). Although the basket cell axon is not seen on 
Purkinje cell dendrites in this preparation, the climbing 
fibers have varicosities which may correlate with the 
synaptic contacts as described by Chan-Palay and Palay 
(1970). Occasional connections surrounding the Purkin-
je cell dendrites between the neuroglial cell processes 
and the neuroglial sheath are seen (Figures 5, 6 and 8). 
Thin climbing fibers with many varicosities run on 
the secondary and the successive dendritic branches of 
the Purkinje cell dendrites (Figures 5, 6 and 8) as re-
ported in human specimens (Castejon, 1988). Stellate 
nerve cell axons with many beads showing three T-
shaped bifurcations are clearly associated with the 
unsheathed dendrites of the Purkinje cell (Figure 8). 
By the freeze-drying method used in the present 
study, the secondary or tertiary dendrite of the Purkinje 
cell is fractured and loses its outer structure. The in-
ternal view of this dendrite shows a number of longitudi-
nally arranged microtubule-like structures (Figure 9). 
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The mossy fiber glomerulus, mossy fiber rosette, and 
Golgi II cell 
A large oblong mossy fiber glomerulus connected 
with a thick mossy fiber is observed (Figures 2 and 10). 
This contains the large mossy fiber rosette (Carpenter, 
1991). Dendrites of more than 5 granular cells contrib-
ute to the formation of this glomerulus (Figures 2 and 
10). 
The Golgi II cell lies close to a Purkinje cell and is 
covered with several granule cell bodies (Figure 7). 
The capillary 
In the present study a capillary (with an inner diam-
eter of 5 1-tm) is observed in the molecular layer (Figure 
7). 
Furthermore, the adult Wistar rat cerebellar cortex 
was also prepared by in a similar way reveals the Pur-
kinje cells with basket cell axons and the neuroglial cells 
as shown in Figure 11. 
T. Rojo 
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SEM oft-Butyl Alcohol Freeze-dried Cerebellar Cortex 
Figure 6. A higher magnification of the left part of the 
secondary dendrite (S) of the Purkinje cell in Figure 5. 
Note many clear climbing fibers (arrowheads) with vari-
cosities (double arrowheads). Bar = 1 µm. 
Figure 5 (on the facing page 308). A higher magnifi-
cation of two secondary dendrites (S) of the Purkinje 
cells and a stellate neuron cell (B) with its fibers from 
the upper right part in Figure 2. Another stellate neuron 
cell (G) is observed. Thinner branches (asterisks) of the 
stellate neuron cell are observed and some of these 
branches attach to the neuroglial sheath of the secondary 
dendrite (small arrows) of the Purkinje cell. The Pur-
kinje cell secondary dendrite is connected to thin climb-
ing fibers (arrowheads) with varicosities (double arrow-
heads), that are presumed sites of synaptic contact. 
These climbing fibers may extend from the thin climbing 
fiber (arrowheads) from the back of the dendrite of the 
Purkinje cell. Bar = 5 µm. 
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Figure 7. A low magnification of a region of another 
slice of this specimen. The middle structure is a Pur-
kinje cell with a climbing fiber (small arrows) and a 
climbing fiber tendril collateral (double small arrow). 
The right structure consists of granule cell bodies sur-
rounding the body of a Golgi II cell soma (large arrow). 
Note two short bifurcating dendrites (arrowhead and 
double arrowhead) of the Purkinje cell in the molecular 
layer (upper part of the figure). A capillary is observed 
(double arrow). Bar = 20 µm. 
Discussion and Conclusion 
For the first time, the t-butyl alcohol freeze-drying 
device (Figure 1) has been applied to human and Wistar 
rat nervous tissues. The freeze-drying method is simi-
lar, and may be superior to the critical point drying 
method widely used for SEM, because of the less con-
spicuous shrinkage of the specimen (Inoue and Osatake, 
1988). The present SEM study using the t-butyl alcohol 
freeze-drying method clearly demonstrated outer surfaces 
of the cerebellar nerve cells, Purkinje cell dendrites, ;nd 
mossy fiber glomeruli. The three-dimensional features 
obtained by the method are quite comparable to the 
results thus far reported by TEM and SEM (Castejon, 
1988, 1990; Chan-Palay and Palay, 1970; Takahashi-
lwanaga, 1992). 
T. Rojo 
Figure 8. A higher magnification of secondary and ter-
tiary dendrites (asterisks) from the upper central region 
of Figure 7 (double arrowhead). Thin climbing fibers 
with many varicosities (small arrows) run on the Purkin-
je cell dendrites. Stellate nerve cell axons with many 
beads make three T-shaped bifurcations (arrowheads) 
and are closely associated with the Purkinje dendrites 
(large arrows). Occasional connections (double arrow-
heads) between the neuroglial cell processes and the 
neuroglial sheath surrounding the Purkinje cell dendrites 
can be seen. Bar = 3 µm. 
Reese et al. (1985) used chemical and enzymatic di-
gestion to reduce intercellular adhesion in tissue previ-
ously fixed with aldehyde with better results than those 
of the tearing method of Scheibe! et al. (1981). How-
ever, in the present study, using these simple and easy 
procedures on formalin-fixed unembedded specimens, 
without any digestion by acid or alkali, and sliced with 
a razor, high magnification scanning electron micro-
graphs of the outer surface of nerve cells and fiber ele-
ments comparable to those of Castejon (1988) were ob-
tained. Climbing fibers with large varicosities attached 
to Purkinje cell dendrites have not been observed by 
SEM before (Castejon, 1988). Thus, the present study 
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Figure 9. A higher magnification of the upper right 
part (arrowhead) of Figure 7. The Purkinje cell den-
drite divides into secondary (S) and tertiary (T) den-
drites. The surface of the dendrite which is unsheathed 
by this freeze-dry method in this region is highly perfo-
rated at some sites (e.g., squares) and full of bead-like 
varicos:ties. Several longitudinal microtubule-like fi-
brous structures (small arrows) are observed on this den-
drite at various depths. Two small branches of the Pur-
kinje cell dendrites are observed (arrowheads). These 
branches show tree-like shapes with many varicosities. 
Bar= 1 µm. 
makes a contribution to the analysis of climbing fibers 
with fusiform enlargements (or varicosities) connected to 
the Purkinje cell dendrite and the stellate nerve cell 
axons (Figures 5, 6 and 8). These results are compara-
ble to those of other studies (Castejon, 1988, 1990; 
Chan-Palay and Palay, 1970). 
By reconstruction of their figures at the TEM level, 
Chan-Palay and Palay (1970) pointed out that the thick 
basket cell axon is connected with the Purkinje cell den-
drite. However, in the present study, contrary to their 
results, no basket cell axons were found on the Purkinje 
cell secondary dendrite, but instead, thin climbing fibers 
SEM oft-Butyl Alcohol Freeze-dried Cerebellar Cortex 
Figure 10. A higher magnification of an oblong mossy fiber glomerulus (gl) appearing as coiled convoluted fibers in 
Figure 2. Note the large oblong mossy fiber rosette surrounded by more than 5 granule cell dendritic processes 
(arrowheads) with a thick mossy fiber (arrow). Bar = 5 µm. 
with many varicosities (fusiform enlargements) were 
noted (Figures 5, 6 and 8). 
A stellate nerve cell with its processes (Figures 5 
and 6) and mossy fiber glomeruli showing coiled convo-
luted fibers of granule cell dendritic processes (Figures 
2 and 10) could also be studied at high magnification 
with the new method. 
The stellate neuron cell lying near the Purkinje cell 
secondary dendrites is ellipsoidal. The stellate neuron 
cell processes show webbed-foot shapes runnjng along 
successive Purkinje cell secondary dendrites (Figures 5 
and 6). 
According to Castejon (1988, 1990), the Bergmann 
glial cells lie close to Purkmje cell bodies, and their 
processes connect the secondary Purkinje cell dendrites 
on both sides. Castejon (1990) also noted that when the 
ethanol-cryofracturing technique (slow freezjng) was ap-
plied to human cerebellum, only (1) the outer surface of 
the apical cell body, (2) the cytoplasmic processes di-
rected toward the imtial segment of the Purkinje cell 
axon, and (3) the lamellated processes (Bergmann fibers) 
ascending to the molecular layer could be observed 
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intact. 
In the present study, the Bergmann glial cell lies 
close to Purkinje cell bodies and their processes are 
observed, but the outer surface of Bergmann glial cell 
body may be fractured (Figures 2, 3, 4 and 11). And as 
the outer surfaces of the secondary and tertiary dendrites 
of the Purkinje cells are also fractured and lost, longi-
tudinally arranged microtubule-like structures are ob-
served inside the dendrites (Figure 9). 
Many granule cells can be observed in the granular 
layer (Figure 3) and some of the finely beaded axons of 
the stellate cell run into the molecular layer (Figure 8). 
The stellate cell axons are observed to possess connec-
tions to the Purkinje cell dendrites (Figure 8). The 
topographical relationship of these connections seems to 
be almost the same as in the scanning electron 
micrographs shown by Castejon (1988). 
Furthermore, concerning the Golgi II cell, Castejon 
(1988) also noted that its axon was observed to partici-
pate in the formation of a mossy fiber glomerulus. 
However, in the present study, in contrast to his obser-
vations, no Golgi II cell axon is clearly observed. 
T. Rojo 
Figure 11. Three Purkinje cells (p) with basket cell axon (arrow) and neuroglial cells (n) of a rat perfused with 
glutaraldehyde-Millonig buffer using this device. Bergmann glial cells (b) may be fractured. Bar = 5 µm. 
In the present study, the scanning electron micro-
graphs taken at high magnification from the human spec-
imens prepared using the new method, without chemical 
digestion, provide clear and more accurate three-dimen-
sional surface views. This method shows a little shrink-
age and extracellular spaces surrounding the granule, 
and Purkinje and Golgi cells; these spaces are occupied 
by satellite cells as revealed by most TEM studies (e.g., 
Chan-Palay and Palay, 1970). Although, this method 
selectively removes the neuroglial sheath, it is useful for 
showing the inner surface and three-dimensional feature 
of the cytoplasm of formalin-fixed human cerebellar cor-
tex and experimental normal nerve tissues perfused with 
the glutaraldehyde-Millonig buffer. 
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Discussion with Reviewers 
O.J. Castej6n: What identification criteria have you 
used to characterize mossy and climbing fibers, Golgi 
cell axons in the granular layer? 
Author: The criteria I have used are: climbing fibers 
run along or on the Purkinje cell dendrites and have 
varicosities as shown in the present study. Mossy fibers 
reach the mossy fiber glomerulus as shown in Figure 10. 
O.J. Castej6n: How do you interpret the layer extra-
cellular spaces observed in your preparation around 
cerebellar micro- and macro-neurons? Is it due to 
shrinkage or due to removal of satellite neuroglial cell 
by the technical procedure? 
Author: Using this method, formalin fixed human spec-
imens show the large extracellular spaces . and some 
shrinkage of cells. However, these features are not 
shown in the Wistar rat perfused with glutaraldehyde-
Millonig buffer and freeze-dried using this method. 
O.J. Castej6n: How do you interpret that the Purkinje 
cell dendrites appear fractured showing inner surfaces in 
relation with the freeze-dry technique? 
Author: In agreement with the answer to the previous 
question, I think the Purkinje cell dendrites show frac-
tures mainly related to the fixation of the specimens. 
O.J. Castej6n: What sources of artifacts have you 
observed? 
Author: The sources of artifacts in the figures of 
human specimens may mainly be related to the fixation 
of the specimens as compared with figures of the Wistar 
rat perfused with glutaraldehyde-Millonig buffer and 
freeze-dried using this method. 
J.D. Fairing: The sample of human nerve tissue used 
in this study had an uncertain history. It was not 
prepared from fresh tissue in a normal histological 
manner; instead, it was taken from a formalin-fixed 
cadaver after dissection by medical students. Was there 
a chance that some of the tissue was subjected to air 
drying during the handling prior to the final freeze 
drying? 
Author: No, I do not feel that there is any chance that 
some of the tissue was subjected to air drying. 
